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Abstract

Nasopharyngeal carcinoma (NPC), the most common head and neck cancer, is char-
acterized by distinct geographic distribution and familial aggregation. Multiple risk
factors, including host genetics, environmental factor, and EBV infection, have been
linked to the development of NPC, particularly in the familial clustering cases. How-
ever, the cause of NPC endemicity remains enigmatic due possibly to the complicated
interplay between these risk factors. Recently, positive Epstein-Barr virus (EBV) DNA
loads at nasopharyngeal (NP) cavity has been found to reflect NPC development and
applied in NPC screening. To examine whether the increased NP EBV loads could
aggregate in the families and be affected by host genetics and environmental factor,
EBV loads were obtained by 510 NP brushing samples from eligible unaffected in-
dividuals, who have two or more relatives affected with NPC, in 116 high-risk NPC
families. The correlation of relative pairs was estimated using S.A.G.E. (version 6.4,
2016), and host heritability of NP EBV loads was calculated with variance component
models using SOLAR (version 8.4.2, 2019). In result, significant correlations of EBV
loads were observed between parent-offspring pairs and sibling-sibling pairs
(P <.001), but not in distant kin relationship pairs. Interestingly, after excluding the
shared environmental factor within families, host genetics contributes significantly to
NP EBV loads with a heritability of 56.41% (P = 1.00 x 1077), and its effect was slightly
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1 | INTRODUCTION

Nasopharyngeal carcinoma (NPC), a rare disease worldwide, has re-
markably skewed geographic distribution and exhibits familial clus-
tering in the endemic area.™” Approximately 10% of cases have a
positive family history, and individuals with a family history of NPC in
first-degree relatives have a more than four-fold higher NPC risk
compared with the general population.® It is suggested that host ge-
netics and/or common environmental factors shared by the family
members may contribute to the aggregation of NPC. Although a great
effort has been made to clarify the genetic component, unfortunately,
the identified risk alleles could only partially explain the heritability of
NPC.** Unlike the functional mutations in the BRCA genes responsible
for most inherited cases of breast and ovarian cancer,®’ the genetic
mutations with large effects on familial NPC susceptibility remain
unknown. Nevertheless, some clues were given by prior findings that a
remarkable linkage signal of NPC in human leukocyte antigens (HLA)
region was detected in affected sib-pairs from high-risk families.®
Given the central roles of HLA genes in the body's immune response to
pathogen attack,” the genetic risk variants may predispose individuals
to NPC by modulating pathogen infections.

Epstein-Barr virus (EBV) is a member of the herpes virus family.
As an oncogenic pathogen associated strongly with NPC, EBV, most
infected latently in dysplastic epithelial cells, reactivates at mucosal
surface parallelly with NPC formation.’®** The levels of viral bio-
markers elevated before NPC onset, which could be used for early
diagnosis.m‘13 Nasopharyngeal (NP) brushings, as a practical and
minimally invasive approach for NPC diagnosis, showed the similar
viral expression profile with the corresponding NPC biopsies, and
EBV DNA loads in NP brushings were also similarly high with those in
NPC biopsies.'® We and others identified EBV DNA loads in NP
brushings as an efficient NPC diagnostic biomarker with both high
sensitivity and specificity.***°

Given the close association between NP EBV loads and NPC, we
reason that the elevated NP EBV loads may also show familial ag-
gregation and be affected by the host genetics, among the individuals
from high-risk families with multiple NPC cases, which may be as-
sociated with NPC familial aggregation.

To examine this hypothesis, we established an NPC family cohort
in southern China. The familial aggregation and the host heritability of
NP EBV loads was estimated among unaffected relatives from high-
risk NPC families with two or more NPC cases. We find that NP EBV

loads are positively correlated between relative pairs from NPC

elevated (68.86%, P = 3.40 x 107%) in families with more NPC cases (23). These find-
ings indicate that additional host-genetic variants involved in the EBV local NP mu-

cosal behavior may be especially important for the development of NPC.

Epstein-Barr virus, familial aggregation, genetics, heritability, high-risk family, nasopharyngeal

susceptible families and have a significantly high heritability. We be-
lieve that these findings not only provide clues in the search of novel
susceptibility genes in NPC patients with high-risk family history but,
more importantly, they may improve our understanding of the genetic
mechanisms for more widely distributed EBV-relevant diseases.

2 | MATERIALS AND METHODS
2.1 | High-risk NPC family screening program

In September 2016, we launched an NPC familial study in southern
China, entitled “High-risk Nasopharyngeal Carcinoma Family
Screening Program”, to recruit NPC multiplex families with two or
more NPC cases in their family in Sun Yat-sen University Cancer
Center (SYSUCC, Guangzhou, China). We recruited patients with
NPC as well as the unaffected relatives from high-risk families via
handing out of brochures in our cancer center, posting our project
information on the websites and our official social media (WeChat)
account. People who registered for the program were telephone-
reviewed to confirm their NPC family history, and those families with
two or more affected members who have medical records with pa-
thological diagnosis of NPC were enrolled.

All procedures performed in this study involving human partici-
pants were in accordance with the ethical standards of the institu-
tional research committee (the human ethics committee of the Sun
Yat-sen University Cancer Center, GZR2012-008). This article does
not contain any studies with animals performed by any of the authors.

All subjects were fully informed with a signed consent and ac-
complished a face-to-face interview by trained investigators using a
structured questionnaire. This questionnaire contained the enrolled
individuals' demographics, clinical history of ear-nose-throat (ENT)
and oral disease, family history of malignancy, occupational history,
and lifestyle information, including smoking status and alcohol con-
sumption. The questionnaire also included name, gender, date of
birth, and other general characteristics of all first-degree relatives of
the enrolled individuals. Subsequently, we drew a pedigree structure
for each enrolled family and determined the familial relationship
among unaffected individuals based on the above information ob-
tained from family members.

For NPC screening, we provided endoscopic examination of the
nasopharynx, EBV antibody detection, and EBV copy number de-

tection via NP brush samples. During the screening program, we
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collected biological samples from available patients with NPC and
their healthy relatives which comprised of 8 mL blood and NP swab/
brushing swept more than five times over the surface of the phar-
yngeal recess under nasopharyngoscopy.

By October 2018, we recruited a total of 116 high-risk families
which contain two or more NPC cases for each family. The eligible
unaffected individuals from the enrolled families were used for the
followed analyses.

The visualized enrollment of families and participants is shown in
Figure 1.

2.2 | EBV DNA loads and VCA-IgA levels detections

NP brushing DNA was extracted by an automated workstation
(Chemagic Star; Hamilton Robotic, Bonaduz, GR, Switzerland) using
the protocol recommended by the manufacturer. EBV DNA loads were
detected by real-time quantitative polymerase chain reaction (qPCR)
as described in the previous studies.*®*® In brief, qPCR was performed
for amplification targeting the BamHI-W region of EBV genome and a
dual-labeled fluorescence probe was used for hybridization. The gPCR
assay was conducted in 384-well plates including negative control and
all samples tested in duplicate. We converted cycle threshold (CT)
value of samples to DNA copy number using the established standard

curve upon a series of standard samples for gradient EBV DNA copies
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(102, 108, 10% 10°, 10, and 107 copies per 2 uL). After using the DNA
concentration to standardize viral copy numbers, the EBV DNA loads
were expressed as copy/ng DNA. Serum immunoglobulin A antibodies
against EBV viral capsid antigen (VCA-IgA) levels were detected using
an Anti-EBV-VCA ELISA (IgA) kit (EUROIMMUN Medizinische
Labordiagnostika AG). Detailed descriptions of the qPCR assay are
shown in the Supplementary Methods. The raw data in this article has
been uploaded in the Research Data Deposit with an RDD number of
RDDA2020001574.

2.3 | Statistical analysis

We classified the unaffected individuals into an EBV high-level group
and low-level group according to the obtained median of EBV DNA
loads in their NP brushings. The associations between NP EBV loads
and demographics, anthropometries, chronic ENT disease status as
well as EBV VCA-IgA levels were examined using a linear mixed
model (LMM), which can handle the correlated family members by
adjusting for the kinship structure among the subjects.*”
Subsequently, we used the above unaffected individuals from the
high-risk NPC families to construct relative pairs upon the familial
relationship and estimate the familial correlation coefficients for NP
EBV DNA loads and three chronic ENT disease occurrences (chronic

rhinitis, allergic rhinitis, and chronic pharyngitis) between the relative

Sep. 2016 - Oct. 2018

High-risk Nasopharyngeal Carcinoma Family Screening Program

Inclusion criteria of High-risk NPC Families:
1. with 2 or more affected NPC patients in one family

2. both patients and unaffected relatives agree to participate
3. consent to complete questionnaire and sample collection

116 eligible High-risk NPC Families were enrolled

Inclusion criteria of unaffected relatives from enrolled families

1. non-NPC confirmed by a physician under nasopharyngoscopy
2. complete face-to-face interview

510 available NP brushings of eligible unaffected relatives were
used for familial aggregation and heritability estimates

43 families which contain >3 NPC cases in
the first or second degree of kinship

64 families which contain 2 NPC cases in
the first or second degree of Kinship

9 families which contain NPC cases only in
the third or more distant degree of kinship

l

i

226 available NP brushings of
eligible unaffected relatives

254 available NP brushings of
eligible unaffected relatives

l

Subgroup analysis of heritability estimates

FIGURE 1 The study design and the enrollment of unaffected individuals from high-risk NPC families. NPC, nasopharyngeal carcinoma
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pairs by the FCOR program of Statistical Analysis for Genetic
Epidemiology (S.A.G.E., version 6.4, 2016). The correlation coeffi-
cients were visualized by the “forestplot” package in R (version 3.5.3).

We further estimated the heritability of the above phenotypes,
which is a measure of how well differences in people's genes account for
differences in their phenotypes. A variance component model in Se-
quential Oligogenic Linkage Analysis Routines (SOLAR, version 8.4.2,

2019) %° was used. SOLAR models the phenotypic covariance matrix as

2 2 2
Q = 2®0; + Hof + Iog,

where Q denotes a phenotypic covariance matrix, ¢ is the expected
kinship matrix derived from pedigree information, crg2 represents
genetic variance, H is a matrix derived from cohabitation information
among family members, o2 represents variance due to shared en-
vironmental influences within families, | is an identity matrix, and ae2
represents variance due to unique environmental influences of
measured covariates as well as of random/unmeasured variates.

SOLAR decomposes the phenotypic variance (crpz) using the ad-
ditive assumption of the variance components (opz = ng + acz + aez) to
calculate heritability with h? = 62/g2 for NP EBV loads and chronic
ENT diseases occurrences, which represents the proportion of phe-
notypic variance explained by the host-genetic effect. A household
effect component (c?) reflecting the shared environmental exposure
within families was calculated with ¢2 = acz/ap2 simultaneously based
on self-reported cohabitation. For age, sex, smoking, and drinking
which may correlate with the investigated phenotypes, we put those
into the initial variance component models as covariates. The models
would examine the significance of each covariate effect, and the
significant covariates were kept in the final models for heritability
estimates and for the computation of the proportion of phenotypic
variance explained by the significant covariate effect (e2). In addition,
we selected EBV VCA-IgA, given its reported familial correlations,”*
to estimate its heritability and to adjust VCA-IgA levels as an addi-
tional covariate for heritability estimates of NP EBV loads. For height
and body mass index (BMI) the heritability was estimated as well to
verify the validity of these analyses given their reported high herit-
ability and the multiple identified genetic susceptibility variants.??2*

At last, a subgroup analysis was conducted for the phenotypes
with significant heritability. We classified families with two NPC
cases and families with more than or equal to three NPC cases into
two subgroups and then conducted heritability estimates in each
group (Figure 1).

Detailed descriptions of the statistical analyses are shown in the
Supplementary Methods.

3 | RESULTS
3.1 | Characteristics of the study population

A total of 510 NP brushings and corresponding blood samples from
the unaffected individuals of 116 high-risk NPC families were

collected. We constructed 384 first-degree relative pairs among the
recruited individuals, including 154 parent-offspring pairs and 230
sibling-sibling pairs. Besides, 250 aunt/uncle-nephew/niece (avun-
cular) pairs and 375 cousin-cousin pairs were for more distant re-
lative pairs. Overall, a total of 1136 relative pairs were constructed
among 510 unaffected individuals whose NP brushing samples were
eligible (Table 1).

EBV DNA was detectable in 387 NP brushing samples, with
75.88% (387/510) of the detection rate similar to the reported rates
of EBV-DNA detectable NP brushing samples of non-NPC controls
ranging from 70.6% to 77%.>?° The median of EBV DNA loads was
0.42 (ranging from O to 111.08) among unaffected individuals. There
was a significant association between EBV DNA loads in NP brush-
ings and serum VCA-IgA levels (P=.003), but we did not find any
significant associations between EBV DNA loads and individuals'
characteristics nor chronic ENT diseases (Table 2).

3.2 | Familial aggregation for NP EBV DNA loads

To identify the aggregation of NP EBV loads between the relatives
from high-risk NPC pedigrees, we evaluated the correlation coef-
ficients for parent-offspring, sibling-sibling, aunt/uncle-nephew/
niece (avuncular), and cousin-cousin pairs. For NP EBV loads, sig-
nificant first-degree relative correlations were found with the
coefficients (r) of 0.34 (P =.0007) between parent-offspring pairs as
well as 0.27 (P=.0002) between sibling-sibling pairs. The positive
correlation coefficient was degressive when the kin relationship
became more distant, which were 0.17 for second-degree relative
(avuncular) pairs and 0.12 for third-degree relative (cousin-cousin)
pairs (Figure 2).

The familial correlations for other phenotypes did not change
with the degree of relatedness between kin in pairs as those for NP

EBV loads did. The occurrences of the analyzed chronic diseases

TABLE 1 The numbers of examined relative pairs for
nasopharyngeal brushings

Relationship® No. of relative pairs®

1st-degree pairs 384
Parent-Offspring 154
Sibling-Sibling 230

2nd-degree pairs 274
Avuncular 250

3rd-degree pairs 399
Cousin-Cousin 375

Other relative pairs 79

Total relative pairs 1136

®The relative pair numbers were counted using SOLAR software
according to kin's matrix.

PNasopharyngeal brushings were collected from 510 healthy individuals
from the high-risk NPC pedigrees.
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TABLE 2 Characteristics of EBV (DNA load) high-level group and low-level group

Characteristics® EBV high-level (no.) (%)° EBV low-level (no.) (%)° OR (95% CI)“ P-value®
EBV DNA loads, median (IQR) 1.38 (0.71, 3.71) 0.01 (0, 0.21)
EBV VCA-IgA levels, median (IQR) 0.66 (0.47, 0.94) 0.57 (0.43, 0.84)

Negative 106 (41.73) 141 (55.51) Ref. Ref.

Positive 148 (58.27) 113 (44.49) 1.54 (1.16-2.04) .003
Age range, y, median (IQR) 35 (27, 47) 35 (27, 46)

<18 14 (5.51) 17 (6.67) Ref. Ref.

18-30 79 (31.10) 77 (30.20) 1.18 (0.50-2.81) .708

31-45 89 (35.04) 95 (37.25) 1.14 (0.48-2.69) 769

>45 72 (28.35) 66 (25.88) 1.25 (0.52-3.01) 611
Sex

Male 117 (45.88) 134 (52.55) Ref. Ref.

Female 138 (54.12) 121 (47.45) 1.24 (0.94-1.63) 125
Smoking

Never smoker 186 (73.52) 183 (72.62) Ref. Ref.

Current smoker 52 (20.55) 54 (21.43) 0.92 (0.56-1.50) 734

Ex-smoker 15 (5.93) 15 (5.95) 0.95 (0.41-2.18) .894
Drinking

Never drinking 111 (43.70) 113 (44.31) Ref. Ref.

Regular drinking 49 (19.29) 49 (19.22) 0.93 (0.55-1.59) .798

Occasional drinking 94 (37.01) 93 (36.47) 0.99 (0.64-1.53) 968
Height, cm, median (IQR) 163 (158, 168) 165 (158, 170) 0.98 (0.96-1.01) 167
BMI, kg/m?, median (IQR) 22.03 (20.00, 24.29) 22.10 (19.72, 24.24) 1.01 (0.95-1.08) .674
Chronic rhinitis

No 196 (83.76) 206 (86.19) Ref. Ref.

Yes 38 (16.24) 33 (13.81) 1.15 (0.66-2.00) 616
Allergic rhinitis

No 201 (85.90) 203 (84.94) Ref. Ref.

Yes 33 (14.10) 36 (15.06) 0.88 (0.50-1.56) 671
Chronic pharyngitis

No 187 (78.57) 196 (84.12) Ref. Ref.

Yes 51 (21.43) 37 (15.88) 1.47 (0.88-2.49) 141

Abbreviations: BMI, body mass index; Cl, confidence interval; EBV, Epstein-Barr virus; IQR, interquartile range; OR, odds ratio; Ref., reference.

4EBV DNA loads: Epstein-Barr virus DNA loads detected in nasopharyngeal brushings, expressed as copy/ng DNA; EBV VCA-IgA levels: serum levels of
immunoglobulin A against viral capsid antigen of Epstein-Barr virus, expressed as a ratio of the sample absorbance to standard reference material
absorbance; Positive and Negative were classified according to the obtained median of EBV VCA-IgA levels from the enrolled unaffected individuals;
median and IQR were used to describe the distribution of continuous variables; Current smoker: the person who had ever smoked at least 60 cigarettes in
6 mo and stopped smoking for less than 1 y; Ex-smoker: the person who had stopped smoking for at least 1 y; Never smoker: the person who had never
smoked more than 60 cigarettes in 6 mo; Regular drinking: the person who had ever drunk at least once a week in 6 mo; Occasional drinking: the person who
had ever drunk less than once a week in 6 mo but more than 10 times per year; Never drinking: the person who had never drunk more than 10 times
per year.

PEBV high-level represents a group of the unaffected individuals whose EBV DNA loads were higher than the obtained median from the enrolled
unaffected individuals, others whose EBV DNA loads were lower than the obtained median belong to EBV low-level group.

“The associations between characteristics (explanatory variables) and NP EBV DNA levels (the binary response variable) were estimated by “Ime4”
package in R (version 3.5.3) using a generalized linear mixed model.

were weakly correlated for most types of relative pairs. It was only 3.3 | Host heritability for NP EBV DNA loads

slightly significant between first-degree relative pairs for chronic

pharyngitis (parent-offspring pairs: r=.18, P=.0303; sibling-sibling To understand the possible causes of the remarkable familial aggregation
pairs: r=.19, P=.0045) and between parent-offspring pairs for al- of NP EBV loads, we further estimated heritability (h?) to distinguish the

lergic rhinitis (r=.13, P =.0450) (Figure 2). host-genetic effect contributing to the EBV load variation among
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Relationship type Pairs Correlation Std. error P-val

coefficient -value
NP EBV DNA loads
Parent-OffSpring 154 0.34 0.0906 e — 0.0007
Sibling-Sibling 230 0.27 0.0703 — 0.0002
Avuncular 250 0.17 0.0812 — 0.0419
Cousin-Cousin 375 0.12 0.0779 T 0.1217
Chronic rhinitis
Parent-Offspring 208 0.10 0.0909 - 0.2851
Sibling-Sibling 240 0.08 0.0632 - 0.2171
Avuncular 293 -0.05 0.0597 —*— 0.3644
Cousin-Cousin 390 0.18 0.0876 — 0.0507
Allergic rhinitis
Parent-OffSpring 206 0.13 0.0643 — 0.0450
Sibling-Sibling 234 0.06 0.0632 - 0.3512
Avuncular 291 -0.06 0.0601 —— 0.3519
Cousin-Cousin 387 0.09 0.0635 T 0.1418
Chronic pharyngitis
Parent-Offspring 204 0.18 0.0810 — 0.0303
Sibling- Sibling 239 0.19 0.0653 e 0.0045
Avuncular 292 -0.10 0.0878 ——— 0.2791
Cousin-Cousin 357 -0.06 0.102———— 0.5525

I T T 1
-0.3 0 0.3 0.6
Correlation coefficient
FIGURE 2 Familial aggregation estimates for NP EBV loads and

chronic disease occurrences. The familial correlation coefficients of
Parent-Offspring, Sibling-Sibling, aunt/uncle-nephew/niece (Avuncular),
and Cousin-Cousin pairs were estimated with standard error (SE) for EBV
DNA loads in nasopharyngeal brushings (NP EBV DNA loads), chronic
rhinitis status, allergic rhinitis status, and chronic pharyngitis status. The
estimations and the statistical tests were conducted using the FCOR
program in the software Statistical Analysis for Genetic Epidemiology
(S.AG.E, version 6.4, 2016). EBV, Epstein-Barr virus; NP, nasopharyngeal

individuals by variance component models. We found a significant high
host heritability of NP EBV DNA loads (h?=59.45%, P=1.79 x 1071).
After excluding the proportion explained by shared environmental ex-
posures within families (4.72% of the phenotypic variance), the model still
showed a strikingly high heritability of EBV DNA loads (h?=56.41%,
P=1.00x 1077) (Table 3). Besides, the robust and larger heritability of
EBV DNA loads was observed with 59.68% after adjusting for VCA-IgA
levels (P=1.34x 1078).

Although the heritability of allergic rhinitis and chronic pharyngitis
was estimated as being 38.19% (P=.04) and 38.46% (P=.03), re-
spectively, no statistical significance was found after accounting for
the household effect of shared environmental exposures within fa-
milies (h? = 29.54%, P = .17 for allergic rhinitis and h? = 26.31%, P =.12
for chronic pharyngitis), suggesting that genetic factors had smaller
contributions to the occurrences of chronic ENT diseases. As expected,
a significant host heritability was estimated as being 33.14% for EBV
VCA-IgA levels (P=.0015), 55.66% for height (P=1.69x 1071?), and
34.71% for BMI (P = 2.46 x 107°) after excluding the household effect
(Table 3). The results of covariate screenings before the above herit-
ability estimates of phenotypes are shown in Table S1.

As the elevation of NP EBV loads is a high-risk factor for NPC
development, we further investigated whether the host-genetic effect on
NP EBV loads would be correlated with NPC development and whether
higher genetic contributions to viral loads would be observed in families
with more NPC cases. Interestingly, we observed larger genetic effects on
NP EBV loads in families with more than or equal to three NPC cases
(family numbers=43) with h?=68.86% (P=3.40x107°), which are
higher than those estimated from families with two cases (family num-
bers = 64, h?=4706%, P=4.96x107%. Furthermore, NP EBV loads
showed the remarkably higher heritability than other analyzed pheno-
types in more than or equal to three NPC case families. A similar trend
was found for serum VCA-IgA levels but not for height and BMI (Table 4).
All significant results of hypothesis tests remained the statistical sig-

nificance after adjusting P-values for multiple testing by the FDR method.

4 | DISCUSSION

This is the first report regarding the familial aggregations of EBV
DNA loads in NP brushing samples and the possible causes, in a high-
risk NPC family cohort. NP brushings provide the new approaches for

early NPC diagnosis with the minimally invasive procedure.

TABLE 3 The estimates of host heritability on investigated phenotypes

Phenotypes® Sample size (no.)” h? (%) (P-value)®
EBV DNA loads 510 59.45 (1.79x 1071°)
EBV VCA-IgA levels 562 35.18 (7.96 x 107)
Chronic rhinitis 556 14.32 (.266)
Allergic rhinitis 560 38.19 (.043)
Chronic pharyngitis 551 38.46 (.025)

Height 584 55.66 (1.69 x 10712)
BMI 579 3471 (246 x 107°)

Abbreviations: BMI, body mass index; EBV, Epstein-Barr virus.

2 (%) (P-value)® e? (%)° h? with ¢? (%) (P-value)’
472 (.285) 0.81 56.41 (1.00 x 1077)

2.89 (.366) 7.74 33.14 (1.53x 1073

9.94 (.339) 3.55 9.00 (.366)

13.47 (.230) 0.84 29.54 (.167)

30.28 (.048) 3.40 26.31 (.115)

0 40.53 55.66 (1.69 x 10712

0 27.38 34.71 (246 x 107°)

2EBV DNA loads: Epstein-Barr virus DNA loads detected in nasopharyngeal brushings; EBV VCA-IgA levels: serum levels of immunoglobulin A against viral

capsid antigen of Epstein-Barr virus.

"The samples with missing information of significant covariates were excluded from the analyses.

°h2: “heritability”, the proportion of the phenotypic variance explained by host-genetic effect.

d¢? indicates the proportion of the phenotypic variance explained by shared environmental effect of cohabitation.

¢e? indicates the proportion of the phenotypic variance explained by significant covariates, and this proportion would be removed from the total variance

of the phenotype before heritability estimates.

fh? was estimated with counting c? in variance component models, whether ¢? was significant or not.
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EBV DNA loads quantified in NP brushings were similar to parallel
biopsies and identified as a true and efficient diagnostic biomarker. It
could directly reflect the EBV genome content at the surface of the
primary tumor formation site of NPC, and its elevation was con-
sidered to originate from tumor cell instead of newly produced
virions.'%2252¢ Therefore, NP EBV loads are a promising biomarker
strongly correlated to NPC risk. In addition, our study population had
a high prevalence of NPC which may increase the likelihood of
identifying the genetic factors affecting the NP EBV DNA loads and
therefore as the predisposing factor to NPC. Overall, the High-risk
NPC Family Screening Program provides the valuable opportunity to
identify the genetic determinants that underlie NPC development.

In the current study, we found that individual EBV DNA loads in
NP brushings were significantly correlated between relative pairs. It
showed the significant and positive correlations between parent-
offspring pairs and between sibling-sibling pairs, respectively. This
may be related to the close relatives who have a higher risk of car-
rying the same genetic variants or share common life-styles. In ad-
dition, the more distant the kin relationship between the relative
pairs was, the smaller the magnitude of the correlation coefficient for
NP EBV loads between the pairs was (Figure 2), suggesting that the
familial aggregation of NP EBV loads could be more likely to attribute
to the host-genetic factors. On the contrary, the occurrences of
chronic rhinitis, allergic rhinitis, and chronic pharyngitis had low fa-
milial aggregations compared to NP EBV loads, suggesting that the
predispositions of these diseases were more likely to attribute to the
individual exposure rather than shared factors by relatives.

We subsequently estimated heritability for several phenotypes
with a range of 9.00% to 56.41% after accounting for the shared
environmental effect within families based on self-reported cohabita-
tion. Given that heritability indicates a contribution of genetic effects
on phenotypes, the largest host heritability (56.41%) of EBV loads in
NP brushings strongly suggested that host-genetic factors are im-
portant determinants for the viral genome content in the brushings
sampled from the NP surface, confirming that the substantial genetic
factors contribute to the familial aggregations of NP EBV loads. In-
terestingly, after adjusting for the associated anti-VCA IgA antibody
levels (OR=1.54, 95% confidence interval (Cl): 1.16-2.04), a robust
heritability of NP EBV loads remained with 59.68%. This suggested
that the lytic antibody in serum, VCA-IgA, might respond to EBV loads
in NP brushings, but the host-genetic effect on them was more likely
to be explained by distinct genes. Other covariates such as age, sex,
smoking, and drinking status (Table S1) showed a small component of
NP EBV load variance (0.81%), confirming the lack of associations
between NP EBV loads and individuals' characteristics (Table 2).
Consistent with the weak familial aggregations, allergic rhinitis and
chronic pharyngitis had lower heritability, however, the heritability of
all chronic ENT diseases was not significant once accounting for the
shared environmental effect within families. It was accordant to the
previous reports that home factors shared by cohabitants could have a
substantial influence on the occurrences of chronic ENT diseases.?¢%®
For other phenotypes, the host heritability of VCA-IgA levels of
33.14% was in the same range of the reported heritability of VCA-1gG
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titers (from 0.32 to 0.48),>° and the significantly large heritability of
height and BMI was also in accordance with the previous reports.?*>3
The consistent results from height and BMI further support the re-
liability of host heritability estimates for NP EBV DNA loads in this
familial population.

The results of subgroup analyses showed that NP EBV DNA
loads seemed to be affected more largely by host-genetic effects in
families with more than or equal to three patients with NPC com-
pared with those in families with two patients with NPC. Notably, no
such trend between the two groups existed in anthropometric phe-
notypes, and the differences of the heritability between NP EBV
loads and other analyzed phenotypes became greater in more than or
equal to three NPC families. It further suggests that the large host-
genetic effect on EBV DNA loads detected at the surface of NP
mucosa was likely to contribute to the predisposition and familial
aggregation of NPC as well.

In conclusion, we found significant host-genetic effects on EBV
DNA loads in NP brushing samples through the analysis of the fa-
milial correlations and host heritability estimates in high-risk NPC
families. Furthermore, a larger heritability of NP EBV loads was ex-
hibited in high-risk families with more affected individuals, support-
ing the notion that the substantial genetic susceptibility of NP EBV
DNA loads may relate to NPC risk. Considering the prior reports that
HLA genes have a consistent and strong association with NPC
risk,2%** we also conducted an association analysis between 11
previously Genome-Wide Association Studies-identified single nu-
cleotide polymorphisms®*® and NP EBV loads but did not find any
variants with significance (data not shown). The genetic risk variants/
mutations contributing to the heritability of NP EBV DNA loads have
not been identified, which could be the limitation of our current
study. Hence, more research works are required to identify the
susceptibility alleles of EBV infection among NPC predisposed in-
dividuals. Overall, our findings from high-risk NPC pedigrees reveal
that host-genetic factors play an important role in maintaining EBV
genome loads in the NP surface, and it may cause elevated risk of
NPC, particularly for the familial NPC.
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